Introduction

40
The Southern Ocean hosts the most energetic current in the world, the Antarctic Circumpo-41 lar Current (ACC). Unbounded by land, the ACC connects ocean basins and transports an esti-est drifter crossing in time and space of each Seasoar leg is the reference for the center of the 134 front, with cross-frontal distance increasing away from the meander and eddy center. Each leg 135 was rotated to a cross-front heading, θ cross , defined as the orthogonal direction to θ along for each 136 respective Seasoar leg (Table 1) . Similarly, measured horizontal water velocities were rotated into 137 along-front and cross-front components for each leg.
138
Remote data sources
139
Satellite sea surface temperature (SST) and sea surface height (SSH) data were used during the 140 cruise and analysis for frontal and eddy detection. Both data sets are available daily on a 0.25 • 141 grid. Figure 2 is an example of the remote sensing data available during the SMILES cruise. The 142 daily, gridded microwave SST data was downloaded from Remote Sensing Systems, (http:// 143 www.remss.com). SSH, or absolute dynamic topography, and altimetrically-derived geostrophic 144 surface current data were downloaded from AVISO Cnes data center (www.aviso.altimetry. the meander/eddy feature will be referred to as an eddy for the duration of the Seasoar survey.
170
The Seasoar survey, shown as the ship track in Figure 4 , consisted of 25 sections around the 
184
Wind forcing during the Seasoar survey was unusually calm for April in the Southern Ocean 185 with wind speeds < 10 m s −1 and winds from SE to NW rather than the expected westerlies.
186
Infared SST data are a resource for submesoscale studies due to the high, O(1 km), horizon- The frontal circulation at the center of each Seasoar leg can be described using the co-located 231 drifter and horizontal water velocity datasets. As shown in Figure 8a , the drifter and along-front 
is the opposite sign of f ( density, ρ , is the measured density, ρ, minus the average leg density, ρ 0 . Expanding (1) gives
where subscripts indicate a partial derivative and x and y are the along-front and cross-front di-270 rections. Neglecting ∂ x terms in (2) assumes along-front gradients cross-front gradients. This 271 simplification yields,
an approximation for EPV dependent on cross-front and vertical gradients in the along-front ve-273 locity and buoyancy. The 2-dimensional approximations of EPV (3) is shown in Figure 10 along 274 with the cross-frontal buoyancy gradient at 10-m depth to identify the density fronts in each leg.
275
EPV, defined in (3) for Legs N-S is shown in Figure 10b . Regions with EPV > 0 are precondi-276 tioned for the instabilities described above and are observed on either side of the lateral buoyancy 277 gradients, or fronts, and mostly above the MLD. The band of negative EPV in each leg is stable to 278 instabilities due to the strong vertical stratification, b z , of the ML base.
279
For regions where EPV > 0, since f < 0, specific submesoscale instabilities can be identified the co-located drifter and ADCP datasets allow for the following mathematical framework which 300 yields a solvable expression for w at a specific depth and a cross-frontal location in each Seasoar 301 leg.
302
Let x D (t), and u D (t) be the measured drifter position and velocity vectors at time t where
Let u E (x, y, z,t) be the Eulerian fluid velocity. Assume that the drifter moves with the vertically 304 averaged Eulerian velocity at the horizontal location of the drogue from depth z 1 to z 2
where
Here we set z 1 = 0 at the surface and z 2 = 50 m, the drifter drogue depth. This assumes the drogued 
From (7), the rate of change of the along-front drifter velocity is
while (8) gives
Substituting (10) in (9) gives
An expression for w E at the drogue depth, z 2 , is obtained by setting w E (z 1 = 0) = 0,
If we assume
and
Expression (16) presented here are much higher than the domain-averaged magnitudes reported inRosso et al.
364
(2015), the trend of high EKE and high w is consistent.
365
The strong vertical circulation found at the SAF, suggests that submesoscale processes might LIST OF FIGURES 
